ABSTRACT
INTRODUCTION
The Mediterranean bluefin tuna fishery has a long and rich history. Human civilizations have been interacting with this fishery for millennia, during which it has been an important source of protein for regional populations. While early Mediterranean civilizations had rudimentary forms of capture technology, by the turn of the first millennium CE, a sophisticated bluefin tuna trap fishery 1 The modern processes of capitalist globalization and industrialization are impacting fishing communities throughout the world. This paper examines the serious social and ecological consequences in the Mediterranean bluefin fishery. Recent heavy fishing pressure on bluefin tuna stocks in the Atlantic and Mediterranean have had profound effects. In a period of a few decades, emerged (Consolo 1986 ). This trap fishery, called tonnara in Italian, madrague in French, almadraba in Spanish, and armação in Portuguese, forms an elaborate maze of nets that capture and corral bluefin tuna during their spawning season. Active for more than a thousand years, the traditional/artisanal bluefin tuna trap fishery has experienced a collapsed in the Mediterranean and has struggled where it is still practiced. the broader Mediterranean bluefin fishery has been transformed from an artisanal, mostly regional, fishery, into a capital and technology intensive fishery that primarily serves the global sushi and sashimi market.
Figure1: Map of the Mediterranean Basin (IAM 1998)
This examination will be considered using a political-economic approach and is based on historical research and fieldwork done in Sicily, Italy during 2007 and 2008. Fieldwork consisted of observations and in-depth interviews with traditional/artisanal trap fishers, individuals associated with the modern fishing industry, as well as community members and political figures. Historical research was conducted in local and regional libraries, as well as utilizing the personal archives and libraries of participants. Finally, public statistics and industry sources were accessed to provide descriptive quantitative data. Hence, this work can be considered "structural fieldwork," which "is most interested in understanding structures of power that provide much of the logic by which political and economic life is organized" (Gellert and Shefner 2009: 196) 
ENVIRONMENTAL SOCIOLOGY AND POLITICAL ECONOMY: AN ECO-STRUCTURAL FRAMEWORK
Incorporating the many disciplines within the social sciences, political economic studies provide a broad point of view when analyzing the social world. Simultaneously, this approach offers a distinct analysis for addressing a variety of specific social concerns, in this case agri-food issues. This framework endeavors to understand and identify crucial structural forces in the social world that are at the basis of social organization and, more generally, social life. In doing so, it seeks to discover the political, cultural and economic factors that are manifestations of social life, with a particular interest in the access and distribution of important resources (Balaam and Veseth 2007) .
Political economic theories on the environment offer an eco-structural perspective when analyzing social factors in relation to environmental issues, such as the depletion of natural resources. This area of study has made a substantial contribution to the theoretical development within the sub-discipline of environmental sociology (Buttel 2002; Foster 1999; O'Connor 1991; Schnaiberg 1980 ). In addition, political economic approaches have been at the forefront of empirical investigations in this growing area of sociological inquiry (Grimes and Kentor 2003; Jorgenson 2003; York, Rosa and Dietz 2003) . This framework incorporates key macrotheoretical concepts to form an effective approach for analyzing the interactions between social systems and natural systems, providing a critical lens for examining socio-ecological concerns.
The treadmill of production (ToP) theory and world-systems theory (WST) are primary theoretical lenses that have been at the forefront of environmental sociological research (Buttel 1987; Buttel 2002) . These theoretical approaches can provide important insight into the processes taking place in the Mediterranean bluefin fishery. ToP theory emphasizes the expansionary nature of the modern political economy in relation to resulting social and environmental outcomes (Schnaiberg 1980; Schnaiberg and Gould 1994) . The ToP theory offers an analytical framework that identifies key structures of modern social relations of production and consumption as primary drivers of environmental and social degradation.
The world-systems perspective highlights global political economic processes, examining them in a historical light (Roberts and Grimes 2002) . For environmental sociologists, WST has framed analyses to help illuminate the relations between nature and capital in a global sociohistorical context (e.g. Bunker 1984; Moore 2003) . This conceptual framework unveils the levers of global power relations, and emphasizes the role of nature and natural resources in the course of world historical political economic systems.
This study seeks to identify and describe the global political economic forces that are driving technological, economic, cultural and environmental change in the Mediterranean bluefin tuna fishery, with a focus on Sicily. It draws from the eco-structural perspective developed in environmental sociology, primarily from a world-systems and treadmill of production frameworks. In this regard, this work will provide a political-economic history of the fishery, situating the socio-ecological transformations that have occurred in their social and historical context. Thus, it is appropriate to proceed with a discussion of the broader background regarding production and consumption of marine products in the modern era.
INDUSTRIALIZATION OF GLOBAL FISH PRODUCTION AND EXPANSION OF CONSUMPTION
It is crucial to recognize that changes in production and consumption in the agri-food sector have been socially and historically shaped, and have had far reaching social and ecological consequences in the modern world-system (Mintz 1985; Moore 2003) . During the twentieth century, and particularly in the post World War II era, food production in most nations that make up the core of the modern world-system began to take on the characteristics of the industrial factory (Goodman 1991) . Producing food was transformed into an industrialized process that generated mass commodities for growing global markets (Friedman 1982; Magdoff, Foster and Buttel 2000; McMichael 1995) . In agriculture, the mass production of food and fiber became possible with the widespread use of synthetic fertilizers and pesticides, the development of new hybrid plant varieties, increasing application of mechanization of production, and the expansion of irrigation, resulting in an era known as the "green revolution."
Mirroring the industrialization of agriculture, the fishing industry adopted capital and hitechnology intensive methods in order to increase capacity and production (Garcia and Newton 1997; Jackson et al. 2001; Pauly 2004 ). In the modern era, fish production has developed into a highly mechanized, capital and technology intensive system (Bailey 1985) . Like agriculture, with the expansion of shipping and transport technologies, marine products increasingly became heavily traded global commodities (Bonnano and Constance 1996; Friedland 2004) . This process provides global populations, typically in core nations, with better access to a variety of marine food products at most any time of year. As a result, consumption of marine resources has increased dramatically over the last few decades (UN FAO 2007; World Bank 2006a) .
Between 1950 and the late 1980s, the exploitation of global marine resources expanded significantly, from a total of about 20 million tons per year to over 80 million tons per year (UN FAO 2007) . Along with the growing affluence of wealthy consumers from the global North, fish production and consumption expanded in a variety of traditional as well as nontraditional markets. Literature on this matter largely points to demographic changes, in particular population growth and consumption trends, during this period as the chief drivers of increasing fish consumption (World Bank 2004) .
Nevertheless, it is important to note that during the 1950s and 1960s, and again since the start of the twenty-first century, fish production increased so quickly that it outpaced population growth 2 To fuel the growth in the marine products market, global fishing efforts have intensified. Capital investments were made into improving and increasing capture technology. As a result, larger and more heavily capitalized fishing fleets began to roam the world in search of abundant fish stocks. With advanced location technology, increased size and speed of boats, and better overall capture apparatus, many ocean species have been exploited beyond sustainable limits (Myers and Worm 2003; Pauly et al. 1998; Worm et al. 2006 ). Moreover, social variables such as culture and economic growth have been shown to have a significant influence on fish consumption (York and Gossard 2004) .
EXPANSION OF THE BLUEFIN MARKET
The Mediterranean bluefin fishery has been heavily exploited in recent years to provide fresh, frozen, and processed tuna for core nations, particularly Japan, followed by Western Europe and the United States (Crescimanno and Di Trapani 2007) . The expansion of production and industrialization of the Mediterranean bluefin fishery is a relatively recent phenomenon. This process was, in large part, set off by the growth of the global sushi and sashimi market that emerged in the late twentieth century. To be sure, as the primary market for bluefin tuna, Japan has been a central driving force behind this expansion (Bregazzi 2006; Crescimanno and Di Trapani 2007) .
Marine products have been a longtime staple in traditional Japanese cuisine. As a nation of North Pacific islands, fish provided vital calories and protein for a population with relatively little arable land. Japan's appetite for fish is enormous, a large percentage of which is imported. In 2005, Japan imported over 2.7 million tons of fresh, frozen, processed, and live marine products, more than sixty percent of the 4.36 million tons of domestic production 3
The Japanese market far exceeds any other market in consumption and imports of bluefin tuna. In 2005, Japan imported fifty-five percent of the entire global imports in Atlantic bluefin tuna (ABFT) (UN FAO 2010) . That same year, Japan's total seafood imports were valued at more than $14 billion (UN FAO 2010). 4 With the growth of the Japanese economy in the post World War II era, the demand for bluefin tuna as sashimi and sushi increased dramatically and enormous price escalation followed the swelling demand (Safina 1998; WWF 2002) . Specific cuts of bluefin are highly prized and sold in a variety of forms. In Japan, the fatty belly, sold as toro, became a delicacy that began to command the highest prices (Bestor 2004) .
. In recent years, Japan, together with Spain, France, United States, and Italy, made up almost ninety-five percent of the global market (Di Trapani 2007) . In dollar values, Japan's imports are estimated to reach seventy-five percent of the total value of global imports of bluefin tuna (Crescimanno and Di Trapani 2007) . This difference between quantity and value of Japanese imports is an indicator of the high value and "quality" of bluefin tuna that is imported to Japan, as well as the strength of the Japanese market.
At its peak, one portion of high quality sushi/sashimi could easily sell for fifty to one hundred dollars or more in prestigious Japanese restaurants (Bestor 2001) . Recently, at Japan's renowned Tsukiji wholesale market, market prices have reached historic highs of $900 a kilo (Ellis 2008; Miyake et al. 2003) . For example, at Tsukiji's first auction of 2009, a 128 kg bluefin sold for $820 per kg, and a new record was set when a single bluefin was auctioned for over $200,000 (Wright 2009 ). These examples of extraordinarily high market prices are relatively rare occurrences. Nevertheless, they display the soaring global market and transformation of an item that was recently, in market terms, a low-value species. For instance, only a few decades ago, bluefin tuna sold for five to ten cents a pound in the United States market (Gaski 1993; Issenberg 2007) .
Although Japanese have consumed sushi for centuries, its earliest forms were salted and fermented fish with rice. Indeed, our common modern notion of sushi and sashimi (raw fish with or without rice) is a rather new culinary concept that transpires with access to modern refrigeration technology. Japanese began consuming sushi rolls at the turn of the twentieth century. Raw sushi, as we commonly know it, only appeared in the post war period, and toro sashimi only in the 1960s (Ellis 2008; Issenberg 2007) . Thus, along with changes in technology, a growing economy, opportunities for investments and profits, and expanding global trade came changes in culinary practices and consumer tastes. Traditional cuts of preserved or fermented tuna gave way to new patterns in production, distribution and consumption.
Bluefin Tuna: From Cat Food to High Class Cuisine
Before the recent bluefin tuna market boom, Atlantic bluefin tuna was a species that was generally of little interest to most fishing operations. ABFT had a relatively low market value and was minimally exploited, particularly in comparison to other tuna species such as albacore or skipjack. In the West Atlantic, bluefin tuna were hunted mostly for sport, since their large size, tremendous strength and great speed offered a considerable challenge to recreational fishers (Whynott 1995) . Many commercial fishing operations regarded them as a nuisance, as bluefin tuna are voracious eaters and would frequently consume commercially viable target species (Safina 1998) .
In Sicily, bluefin tuna was a traditional and seasonal fare that made an important contribution to the food resources in coastal communities. It was often preserved under salt or oil for later consumption. Several bluefin dishes were deemed "cucina povera," or food of the poor.
In Western markets, bluefin tuna was typically destined for pet food plants. Even in Japan, when bluefin was consumed regularly, fatty parts of the bluefin tuna were considered undesirable or even inedible. Indeed, the fatty belly, now the highly praised toro, was frequently tossed to cats (Ellis 2008; Issenberg 2007) . Generally, the red flesh of species like tuna was not highly regarded as white flesh species. In the post war period, particularly by the 1970s and 1980s, with a newfound appreciation for its high fat content, toro emerged as a luxury food item in Japan. Bluefin tuna, called maguro, was transformed from cat food to fine Japanese cuisine. In a short time, its value on the Japanese market jumped an astonishing 10,000 percent, with similar spikes throughout the world (Bestor 2001; Issenberg 2007) .
In Japan, maguro toro became the superstar of sushi/sashimi. While other species are utilized in the production and consumption of sushi and sashimi, bluefin tuna is commonly regarded as the highest quality and most desirable species for this type of consumption (Bestor 2001) . With the growing prosperity of Japanese consumers, high-end restaurants and elite sushi bars in Japan began offering this newly esteemed dish, which is regularly consumed by business elites. Surely, for the Japanese upper class, there was no substitute for maguro toro as a status symbol. While the bluefin tuna market has gone through periods of highs and lows in recent years, Japanese imports have remained relatively stable 5 (Table 1) . Within a short time, the growing trend in Japan was transported to other wealthy nations, and in the 1990s sushi was the latest food fad in core nations in Western Europe as well as the United States (Bestor 2001) . Following this period, bluefin tuna became the most demanded and expensive tuna species on the world market (Ottolenghi 2008) . NOAA's Southwest Regional Office reports that between the years 2004 through 2009, Japan imported an average of about 22,500 tons of ABFT each year (NOAA 2010). These imports had a six-year average value of $531 million per year. However, Japanese imports are higher than the NOAA data suggests, as most official estimates do not consider illegal, unreported and unregulated (IUU) captures. (Bregazzi 2005; Volpe 2005; WWF 2008 ). Thus, the global market for bluefin tuna is much larger than most official sources report. Once on the consumer market, the total value of bluefin sales is likely in the billions of dollars .
Transformations in the Global Bluefin Market
The expansionary nature of the capitalist treadmill of production (Schnaiberg and Gould 1994) and the technological operations that emerged within the natural and social context of the modern world-system (Bunker and Ciccantell 2005) played a central role in transforming and shaping the modern global bluefin market. With such a high price on its head, fishing effort for bluefin tuna expanded quickly throughout the world. The growing value of bluefin tuna on the global market was related to a number of important social phenomena that are crucial for understanding the expansion of ABFT captures in the Mediterranean, and the impacts on ABFT populations and the communities that were traditionally tied to the species. 6 Values were estimated using the annual average exchange rate for the year considered. 7 While data from NOAA dates back to 1996, previous to 2004 the category "frozen fillet" was not included in their data. Therefore, to remain consistent, those data were excluded from this table. 8 Unfortunately, it is impossible to estimate the actual values of bluefin tuna imports due to high levels of IUU captures. Recent estimates state that the captures of ABFT may be double the reported captures and exports/imports (ICCAT 2007c). First, because of the high price of bluefin tuna, it became economically viable to transport freshly caught individual bluefin tuna via airplanes to high value markets. Japan Airlines considered fish an ideal food commodity for air travel, and was the first operation to attempt the air transport of bluefin tuna (Issenberg 2007) . Using jet aircrafts, a bluefin tuna caught off the coast of Maine or Sicily could be delivered to Japanese consumers within twenty-four hours of its capture. For example, in 1991, the United States exported almost $16 million in bluefin tuna to Japan by way of air (Gaski 1993) . Even though the local Pacific bluefin tuna has been the preferred species in Japan, as a result of high-speed transport, ABFT from distant waters also became a luxury food item for elite Japanese consumers.
Second, new technology in food storage, including cooling and freezing technology, allowed for the conservation of bluefin tuna in a way that maintained much of its perceived quality. Methods were developed that preserved freshness by maintaining constant proper temperatures without freezing. In addition, superior freezing and thawing technologies were advanced that allowed the fast freezing to very low temperatures of negative forty-five degrees Celsius (UN FAO 2004) . Other emerging technologies in production also became viable, namely "tuna farming" or "tuna ranching," which created a novel way to add value to bluefin tuna and produce sushi quality tuna. While frozen bluefin and some farmed tuna are not regarded as highly for the quality characteristics that are determined by expert sushi graders, these methods certainly opened up a medium-quality sushi market.
Graph 1: Total Recorded Global Captures of Bluefin Tuna by Species (UN FAO 2010).
Third, the expansion of the middle-range market spurred a boom in consumption of bluefin tuna (Tudela and García 2004) . The burgeoning Japanese middle class could now consume this luxury food item that was previously reserved mostly for the upper class and business elites. Bluefin tuna began to show up on the menus of middle range sushi bars and later "fast food" style conveyer belt sushi bars (Bestor 2001) . Together, these processes contributed to the expansion of a global market for ABFT. Along with Tokyo, restaurants from Los Angeles to London were offering ABFT sushi and sashimi on their menus and producers were striving to push into new and growing Asian markets. By the 1990s, bluefin tuna became a global food commodity for those with a taste for luxury.
INDUSTRIALIZATION OF THE MEDITERRANEAN SEA
This lucrative and growing global market for bluefin tuna necessitated mass production and economies of scale. Industrialized fishing, already active in many fisheries by the late twentieth 1950 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 Tons Atlantic bluefin tuna Pacific bluefin tuna Southern bluefin tuna century, became the modus operandi in bluefin tuna fisheries. The Mediterranean bluefin fishery, one the oldest and most productive bluefin fisheries in the world, became the target of industrial fishing operations in an attempt to capture this high-value commodity and exploit a profitable and expanding market. Two of the most common methods of fishing used in modern bluefin tuna fisheries are long-lines and purse-seines. Long-lines are fishing lines baited with hooks and can range from a few miles up to eighty miles in length. These lines can contain thousands of baited hooks (Ellis 2003) . Japanese long-lines began steadily fishing in the Mediterranean in 1972 and quickly found an abundant source of bluefin tuna. In that year, long-liners from Japan captured about 70 tons of bluefin in Mediterranean waters. Just two years later, Japanese captures increased more than tenfold (Mather, Mason and Jones 1995) . Japanese long-line vessels were seasonally banned 10 As mentioned above, IUU captures have been significant in the Mediterranean region. As a result, since the late 1990s ICCAT has reduced capture quotas for member nations and their fishing fleets. The stark drop in captures visible in the late 1990s and 2000s is related to the reduction in quotas. However, IUU captures are not included in these data and likely increase real captures significantly. Mediterranean captures also include the Black Sea. 1950 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 
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from the Mediterranean by 1975 in an agreement between Japan and the International Commission for the Conservation of Atlantic Tuna (ICCAT) (Miyabe 2003) . However, this method of capture is still in use. In 2000, over one billion hooks were set throughout the ABFT fishery (Duncan and Woolford 2006) . Long-lines do not distinguish between old and young fish, or even specific species. As a result, they commonly hook non-target species such as sea turtles, marine mammals, and a variety of sea birds (Safina 1998) . Purse-seining involves large nets, some of which are large enough to encircle a football stadium (UN FAO 2008) . These nets are deployed into the oceans vertically, in a cylinder like fashion, with a float line at the top and a lead-line at the bottom, which encircle schools of fish. Once the tuna are inside, the bottom of the seine is drawn closed using the purse line, trapping sea-life inside the large area surrounded by nets. Auxiliary vessels such as skiffs or speedboats, and sometimes helicopters, are also used in this practice (UN FAO 2008) .
Purse-seine fishing for ABFT in the Mediterranean usually takes place during the spawning period. The earliest use of purse-seines in the North Atlantic fishery was in Norway during the 1940s. By the 1950s, purse-seines were capturing over 10,000 tons of ABFT in this fishery, and by 1972 this North Atlantic fishery collapsed to a capture of only one hundred tons (Mather et al. 1995) . In the Mediterranean, purse-seining became a regular method of capture by the 1970s, expanding rapidly thereafter. In recent times they have been used to capture live "seed" stock for bluefin ranches (Ottolenghi et al. 2004 ). Under these circumstances, they are not hauled aboard the vessel, but kept alive awaiting transfer.
Graph 3: Recorded Sicilian Trap and Mediterranean Purse-Seine ABFT Captures (Bregazzi 2005; ICCAT 2007c).
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capital-intensive fleets, high technology has been incorporated into fishing for bluefin. New technologies have been used to pinpoint and capture stocks moving throughout the ocean. These include innovations such as Doppler radar, spotter planes, bird locating radar, omni-scan sonar, fish aggregating devices, satellite-derived sea surface temperature information, and radio buoys (Safina 1998; UN FAO 2008) . As a result of the growth in capital and technology investments, the capacity of the Mediterranean purse-seine fleet has expanded tremendously, far beyond the regulated capture quota for the region (ATRT 2008). In effort to create greater economic efficiency in live capture for ranching, purse-seine fleets continually increased investment into a number of areas of the fishing process, including faster engines, better detection and communication technology, increasing the number of skiffs, employing faster auxiliary vessels, implementing new technology to lift and move skiffs, as well as using larger and faster sinking nets (Bregazzi 2005; WWF 2006 ). This was done in order to locate, reach, and secure bluefin before competing purse-seines could reach the migrating school, and reduced the potential for speedy bluefin to escape capture.
The "modernization" of the purse-seine fleet has resulted in increasing investment and boats fitted with the latest technology are valued at almost six million dollars (Ottolenghi 2008) . It is important to note that a large part of the "modernization" of the European purse-seine fleet was subsidized by public funds (Tudela and García 2004) . Recent estimates suggest that between 2000 and 2008 the European Union provided the fishery with almost 35 million Euros in public subsidies, the vast majority of which was used to increase fishing effort (Pope 2009 ). The Mediterranean purse-seine (PS) fleet is characterized by "high initial and revolving capital investment, stringent amortisation and financial costs, as well as ever-growing operational overheads (fuel, fishing licenses, tuna spotting airplanes, labour, maintenance and repairs, insurances, etc…The entire Mediterranean BFT PS is therefore faced with a minimal yearly BFT catch, necessary to at least cover for expenses and amortisation of such ships….every single one of these fishing units is operated, either as an autonomous business profit-centre or as forming part of a fishing fleet operated [by] the same business parameters" (ATRT 2008:87) . Therefore, Mediterranean purse-seine operations are under heavy economic pressure to locate and capture ABFT to meet higher operating costs and increase profits, which can be used to stay ahead of the competition through more investments in technology and capacity, feeding the treadmill of tuna production (Schnaiberg and Gould 1994) . Further, as Schnaiberg (1980) made clear, industry and the state have come together in a common interest to power the treadmill of production by investing in the fishery, and limiting regulations and capture quotas.
Consequently, traditional fishing methods in the Mediterranean were replaced by capital and technology intensive methods. The Sicilian trap fishery, la tonnara, experienced a collapse in captures (Graph 3). The traditional bluefin tuna trap fishery has a long history of supplying food resources for the region in a sustainable manner (D'Amico 1816; Sará 1998). While early in the industrial expansion of the fishery Sicilian traps were a source for the global bluefin market, a fleet of industrial vessels that were adept at capturing bluefin tuna before they reached traps quickly replaced them. Also, the modern industrial fleet can capture young bluefin of prespawning age. ABFT are believed to reach spawning age relatively late, after five years of age (Schaeffer 2001) . Over time, capturing pre-spawning age fish can have devastating impacts on stocks (Safina 2001) . In addition, increased pollution due to industrial activities has impacted the traditional trap fishery (Addis et al. 2007 ).
Due to the competitive nature of production, market dynamics, and technological "modernization" that began in the post-war era, expanding fishing operations were chasing after finite stocks of ABFT. Competition became fierce and stocks began to show signs of distress. In Sicily, as well as other parts of the Mediterranean, traditional trap fisheries collapsed. The historical record reveals that the island consistently contained around twenty trap fisheries for at least two centuries, and often many more (D'Amico 1816; La Mantia 1901; Villabianca [1764] 1986). Today the traditional tonnara fishery in Sicily is defunct. In some locations where trap fisheries were located, a new technology replaced the traditional method: bluefin tuna ranching.
Sushi Farming: Bluefin Tuna Ranching
In the late twentieth century, global fish consumption expanded with the help of aquaculture production. As global marine captures could not keep pace with the expanding markets, typically in core nations, industrial aquaculture emerged as the strategic method to augment production (Bailey, Jentoft, and Sinclair 1996; UN FAO 2007) . Inspired by the growing market in aquaculture products and its industrialized production methods, bluefin tuna "farming" was adopted as a way to further expand and control production, and increase surplus value.
Tuna farming or ranching, sometimes referred to as "capture-based aquaculture" (Ottolenghi et al. 2004) , is a form of intensive tuna production that in many ways parallels feedlots used for livestock production on land. Bluefin are captured and placed in feeding cages to rapidly increase weight, and specifically their fat content, until they are ready for slaughter. Unlike conventional industrial aquaculture systems, such as those used in salmon, sea bass, tilapia, and others, there has been little success rearing bluefin tuna in controlled environments 11 Given that closing the bluefin tuna life cycle in captivity for commercial production has been difficult to achieve, purse-seines capture wild "seed" stocks that are transported to fattening facilities, many of which are in the Mediterranean. In 2008, there were almost seventy registered bluefin tuna ranching facilities throughout the Mediterranean in eleven countries, with a potential capacity of over 63,000 tons (ICCAT 2008).
. The "domestication" of bluefin tuna for commercial mass production has been a process that has thus far eluded scientists and industry (Sawada et al. 2005 ).
Captured bluefin are transferred from purse-seine nets to sea cages, and transported by tugboat to the ranching facility. Moving at the careful pace of about one to one-and-a-half knots to avoid harming the valuable cargo, transport can take many days, weeks or, even more than a month. Some firms are vertically integrated, which allows for easier coordination of this mammoth undertaking (Bregazzi 2005) .
In the wild, bluefin tuna are opportunistic feeders, preying on an array of small and large species. However, in captivity, they are fed a diet of frozen fish selected for the high oil or fat content to produce bluefin that meet the quality demands of the relatively new sushi and sashimi markets. The feed is usually made up of some combination of herring, sardines, mackerels, anchovies, and squid. Feed fish are occasionally procured locally, but the majority has been imported from outside the region, including from the Americas (Ottolenghi 2008) . Throughout the process, ranches attempt to increase the quantity of feed to levels that approach seven to ten percent of the bluefin tuna's weight, with an average consumption of five to six percent of body weight per day. Therefore, a bluefin tuna ranch with a capacity of 1,000 tons can consume an average of fifty to sixty tons of feed fish per day. ABFT are kept in ranches anywhere from four months and, in some locations, up to two years. The global supply of ranched bluefin tuna reached over 20,000 tons by the year 2000, about half of which came from the Mediterranean (Miyake et al. 2003) . In the following five years tuna ranching production in the Mediterranean tripled. This growth continued and capacity in the Mediterranean doubled again after 2005 (ICCAT 2008). Consequently, up to eighty percent of Mediterranean exports of bluefin tuna to Japan originated from tuna ranches (Ottolenghi et al. 2004; Tudela and García 2004) .
Tuna ranches have become the main supplier of ABFT for the global market. As Mediterranean bluefin became a major supplier for Japan, the markets were linked. Ranching methods were adopted primarily to maintain the "quality" and supply for the sushi and sashimi market. Thus, over a few decades, the Mediterranean bluefin tuna fishery has been transformed from a long-standing sustainable trap fishery that supplied mostly regional populations, into a globalized industrial fishery, guided by the dictates of transnational capital, supplying fattened bluefin for global elites. This TNC has operations in agricultural products, food and beverages, textiles, construction materials, metals, machinery, energy, chemicals (petrochemicals, fertilizers, plastics), software, telecommunications, and consumer electronics, among others (Mitsubishi Corporation 2007a). Mitsui's gross profits in the same period were more than $7.5 billion, with production and distribution in food and retail, mining, petrochemicals, shipbuilding, construction, aerospace engineering, chemicals, and iron and steel production to name a few (Mitsui and Company 2007) 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Value ($1,000)
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The Japanese TNCs have been the major financiers of bluefin tuna ranching operations in the Mediterranean. Commonly, Japanese firms worked together with others with expertise in the logistics of tuna ranching, such as the Spanish firm Fuentes Group. Fuentes was founded in the 1960s as a seafood purchaser, processor and distributor. The firm has specialized in fresh and frozen bluefin tuna production and distribution, but also produces and distributes other tuna (such as skipjack, yellow fin and big eye) as well as other species such as sea bass, swordfish, and sardines. However, the firm has emphasized that bluefin tuna is their "star" product (Fuentes Group 2007) . The Group is made up of over 25 companies working within the seafood industry, including bluefin tuna "aquaculture" (ranching), sea bass and sea bream aquaculture, salting and processing, extractive fishing, storage and freezing, sales and distribution and transport (Fuentes Group 2007) . Their vertically integrated structure allows them to play a role in a number of tuna ranching operations throughout the Mediterranean Sea.
In the 1980s, the Fuentes Group began to collaborate with large Japanese multinationals including Mitsui, Mitsubishi, and the next biggest Japanese firm in the sector, Maruha, and initiated its bluefin export business to Japan. In 1996, they established joint venture operations with these major corporations to, according to their web site, "increase efficiency of bluefin production and export" (Fuentes Group 2007) . That is, they began to develop tuna ranches in the Mediterranean with the help of Japanese capital. Fuentes' bluefin tuna ranching operations are located throughout the Mediterranean, and recent ventures include ranches in Libyan and Tunisian waters (Bregazzi 2005) .
While this method of production has been lucrative for some and allowed for the expansion of production in the Mediterranean, it has not come without consequence. The notion of "efficiency" that is referenced above ignores ecological laws. Economic outcomes, tied to growing production and improving profit margins, are regarded as a central measure of efficiency. However, the environmental and social consequences must be understood.
BLUEFIN RANCHING: ENVIRONMENTAL CONCERNS AND SOCIAL CONSEQUENCES
Tuna farming/ranching has come under a great deal of scrutiny from environmentalists and environmental organizations, particularly in Europe. This has mainly been due to the increasing fishing pressure on ABFT since the emergence of tuna ranches in the Mediterranean. It has been argued that this method of production is directly responsible for the increases in capacity of purse-seines in the region (ATRT 2008; ICCAT 2007a) .
There is little doubt that ABFT are under mounting pressure and that this has become a serious concern for the future viability of the stocks. In recent decades, the Mediterranean ABFT populations have been seriously depleted and the IUCN has declared that bluefin stocks are endangered (Safina 1996) 13 ¥1,148.1 billion for Mitsubishi, and ¥903 billion for Mitsui (Mitsubishi Corporation 2007b; Mitsui and Company 2007). . As is clear from data presented by ICCAT (2007c) as well as other 13 The IUCN uses a diverse set of criteria to determine whether species face risks of extinction or vulnerability and categorizes threatened species accordingly. A detailed explanation of the IUCN Red List research groups (ATRT 2006; , purse-seine captures, most of which have been destined for ranching facilities, have been on the rise, and fishing capacity has been outpacing captures 14 Tuna ranching has also been associated with a number of other environmental concerns including the increasing pressure on feed species in other fisheries, inefficient use of energy resources, and the accumulation and concentration of unconsumed feed and waste resulting from intensive feeding operations. In addition, bluefin tuna has likely the highest food conversion ratio (FCR) of any farmed fish. Its FCR of approximately 20:1 or 30:1 far exceeds most carnivorous species like, for example, salmon (Tudela and García 2004) . That is, increasing the weight of a bluefin tuna by one pound requires about twenty to thirty pounds of feed fish.
. Therefore, ranching ABFT does not increase food production. The result of this process of modern capitalist industrial food production is a net energy loss. Tens of thousand of tons of edible marine species are lost at each ranching facility due to the ecological inefficiency of this method of production; not to mention the massive amounts of fossil fuels that are required to run a ranching operation. In addition, health organizations are recommending that individuals, particularly pregnant women and children, limit their intake of tuna due to high levels of mercury (Burros 2008) . It is not known whether tuna ranches intensify this problem. However, if the results from industrial aquaculture of other species, such as salmon, are any clue, the indications do not portend well (Naylor et al. 1998; .
Socially, the transformation of this fishery has had tremendous impacts on small-and medium-scale fishing and the communities tied to them. In Western Sicily, traditional trap fishing played a central role in social life in the coastal communities of this region. The collapse of the traditional fishery has had serious implications for the economy and culture of the region. Artisanal bluefin fishing, which had been a reliable source of employment and food for generations of families, has come to an end in recent decades.
In many of the coastal communities in the region (e.g. Favignana, Castellammare del Golfo, Bonagia), the tonnara was a fundamental aspect of cultural heritage, community identity and economic life (D'Amico 1816; Villabianca [1764 Villabianca [ ] 1986 Lentini 1995) . Not only did the tonnara provide a source of jobs for mariners, but it was associated with a host of land based activities that had great economic importance. Building and maintaining boats, nets and other gear was a significant economic activity in this region (Consolo 1986) . With the loss of the traditional sector, familial and cultural ties have been broken. Moreover, while production still takes place in the region, most of the wealth is extracted from the local populations to the largest TNCs in the global fishing sector.
Fieldwork in the region, including in-depth interviews, suggests that the tonnara system of fishing was more than just seasonal employment; it was a way of life. Each trap fishery supplied an important source of income (and food) for close to a hundred families in each tonnara of Threatened Species and the criteria used for determining the conservation status of plant and animal species is available at http://www.iucnredlist.org/about/red-list-overview. 14 There has been a great deal of controversy surrounding the state of the bluefin tuna stocks in the Atlantic and Mediterranean. While this discussion is beyond the scope of this paper, it is important to note that a serious concern in the fishery is high degree of illegal, unreported, and unregulated (IUU) captures. The extent of IUU captures is unknown, but it speculated to result in a high proportion of all captures. Consequently, debates on the state of the fishery have ensued between industry and environmental organizations, as the available data is considered to be unreliable. Nevertheless, the available data and observation suggest considerable decreases in stock biomass.
community. Culturally, this activity was celebrated through festivities and festivals and, over time, its loss has had significant impacts on community life. Participants expressed a feeling of loss and regret that still hangs over many of these communities, as a central aspect of social life vanished. Fishing, and the culture surrounding it, fundamentally defined these communities, and the tonnara was clearly the most celebrated of these activities.
Beyond the tonnara, there have been other drastic changes in Sicilian communities in the last half-century. There have been efforts to increase industrialization and service industries, typically tourism, in Sicily. These efforts have affected small fishing and agriculture communities in numerous ways, including reshaping employment opportunities with the transition into a new economy focused on the service sector.
Today, many Sicilian communities suffer from high unemployment, particularly among the younger members. It is difficult to obtain accurate statistics on the exact unemployment rate for small fishing towns, but in the province of Trapani, in Northwest Sicily, the rate of unemployment in 2003 15 Furthermore, Sicily has commonly had the highest unemployment rate of any Italian region. In 2003, the unemployment rate throughout Sicily was over twenty percent (ISTAT 2010) . Much in the form of treadmill rhetoric, tuna ranching operations promised jobs for the local economy. For example, in Castellammare del Golfo, a historic Sicilian fishing town, the system was pitched to locals as an opportunity to increase economic activity and jobs in an economically depressed region. However, at least in this community, the results did not meet expectations, and tuna ranches provided few jobs for locals, and sometimes brought in foreign workers.
was thirteen percent, the lowest level in five years. For residents below the age of twenty-four it was above thirty-six percent. This is compared to an unemployment rate in Italy during the same year of almost eight and one-half percent (ISTAT 2010).
Many fishing communities in Sicily have undergone vast demographic changes. During the twentieth century Sicily experienced periods of mass emigration to Northern Italy, Europe, particularly Germany, and the United States (Ginsborg 2003) . In many small Sicilian fishing communities, it is very common to find individuals with family and friends who have emigrated. Favignana is useful to examine in that it is an island community in Northwest Sicily that had one of the Mediterranean's largest tonnara. According the Comune di Favignana (2008) , in 1961 the island had a population of 6,626 residents. By 2001, 4,137 residents remained in Favignana, an almost thirty-eight percent reduction. Thus, during the period when Favignana's traditional fishery was transformed from an active fertile tonnara to a shadow tourist attraction, and finally to its demise, there was a clear demographic shift.
Interestingly enough, Favignana has recently faced a housing boom as wealthy Europeans purchased or constructed vacation homes on the island. Vacation homes have grown "come le funghi" (like mushrooms). This has had the effect of increasing home values and making it difficult for potential first time homebuyers. Commonly, individuals who previously made their living from the sea have shifted to the tourist industry, found work elsewhere with the hopes of returning, or left the island altogether.
As stated above, surely these unemployment statistics and emigration rates are caused by much more than the transformation in the ecology and economy of the bluefin tuna fishery. Nevertheless, in many of these communities like Favignana, the tonnara was the principal fishery and major source of employment activity that, while seasonal, played a fundamental role in social organization (Lentini 1995) . The demise of the traditional fishery in communities like these has had visible impacts on the ecology and social life, including the rapid crash of bluefin stocks and the loss of an important source of employment and cultural life.
CONCLUSION
Utilizing a political economic lens, this paper highlights the social and ecological impacts in the Mediterranean bluefin tuna fishery in the modern era. The modern system of bluefin tuna production has become an industrialized process that uses high levels of new technology, capital, and energy to produce a global commodity for luxury food markets. The treadmill of production theory along with a world-systems approach are drawn on to emphasize the ways in which production has been transformed within an expansionary economic system that has been historically founded on exploitation of humans and natural systems by powerful interests.
Bluefin tuna hailing from the Mediterranean have become a status symbol in core nations, particularly Japan, where relatively recent social phenomenon have created a high exchange value for a species that was, in many parts of the world, previously little regarded and valued. Transnational corporations provide this valuable commodity to upper and middle class consumers using new methods of production that intensify capture efforts. The market has become increasingly lucrative such that efforts were made to control production and add value to bluefin by fattening them in cages, what is commonly called tuna ranching.
The social and ecological consequences related to the transformations in extractive technologies have been intimately tied to globalized production and consumption in the modern capitalist world-system (Bunker and Ciccantell 2005) . While TNCs have benefitted from the social and technological transformations in the modern bluefin fishery, there is a great deal of concern regarding the environmental impacts and social costs related to industrial fishing and rearing operations. Other resource users, particularly traditional trap fishers, have been negatively affected by industrial operations. In Sicily, these methods are all but extinct. Furthermore, the environmental degradation associated with tuna ranching has caused great alarm. Overfishing and other environmental concerns related to industrial capitalist ABFT production creates conditions that have serious ecological repercussions for ocean ecosystems and the communities linked to them. Thus, modern global political economic forces are having profound impacts on local populations and the environment.
